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Foreword

At the request of the Spacecraft Technology Center, Naval Research
Laboratory, a special orbital radiation study was conducted for the
SOLRAD and TIMATION projects in order to evaluate mission-encountered
energetic particle fluxes.

Magnetic field calculations were performed with a current field
model, extrapolated to the tentative spacecraft launch epoch with linear
time terms.

Orbital flux integrations for circular flight paths were performed
with the latest proton and electron environment models, using new im-
proved computational methods.

Temporal variations in the ambient electron enviromment were con-
sidered and partially accounted for.

Finally, estimates of average energetic solar proton fluxes are
given for a one year mission duration at selected integral energies
ranging from E > 10 to E > 100 Mev; the predicted annual fluence related
to the period of maximum solar activity during the next solar cycle.

The results are presented in graphical and tabular form; they are
analyzed, explained, and discussed.
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Introduction

The objective of the present study is to evaluate the charged particle
fluxes to be encountered by spacecrafts in circular orbits with inclinations
of 125 and 65 degrees, and altitudes of 13890 and 1111 kilometers, respec-
tively. For these conditions, two nominal trajectories were generated,

corresponding to missions SOLRAD and TIMATION,

An additionally requested circular SOLRAD orbit at i = 23° and
h = 65000 n.m. was not considered in this study because it lies entirely
outside the‘trapped particle radiation belts. A spacecraft in that tra-
jectory is exposed only to the unattenuated interplanetary energetic solar

proton fluxes, discussed in a Separate section.

At this point, we wish to insert some general comments concerning
orbits and geomagnetic geometry. Circular flightpaths with small inclina-
tions (i < 45°) and low altitudes (h < 1000 km) lie almost entirely within
the region of magnetic dipole space that is called the "inner zone"

(1.0 < L < 2.8), in contrast to high inclination (i > 559) flightpaths at
similar altitudes, which traverse the entire terrestrial radiation belt
twice during each revolution, moving alternately through regions of low L
values (i.e. the inner zone) and regions of high L values (i.e. the

"outer zone'": 2.8 < L < 12.*). However, when orbit altitude is increased,
*The upper boundary of the "outer zone" in the current electron models has

been placed at about L = 12 e.r., as against L = 6.5 e.r. in the older
models.



the above flightpaths attain minimal L values that are correspondingly
higher; eventually, when h > 13000 km, these trajectories never enter the
inner zone region of L-space. This happens in the case of the TIMATION
orbit, which moves in the L-domain bounded by L{min) = 3.14 and

L(max)* = 12.52 (see Table 2). The SOLRAD orbit, on the other hand,
executes the described transverse motion, visiting L values as low as

L = 1.09 and as high as L = 29.08% (see Table 2).

This grouping of trajectories according to L ranges or zones is im-
portant in radiation studies because each zone requires special treatment.
Thus, with regards to the inner zone, which is visited by the first kind
of orbit for varying intervals of time, special considerations are
necessary on account of the substantial "“Starfish"** residuals (Teague

and Stassinopoulos, 1972) that still populated this region in 1967, the

epoch of the corresponding environment model.

The outer zone, while it is visited by high inclination or high
altitude orbits only, also warrants special consideration because these
trajectories may pass through regions of space within the magnetosphere

that are accessible to subrelativistic cosmic ray fluxes of solar origin.

*This value is not the true upper boundary of the orbit because calculations
and storage of B and L are suspended by an (lat, long, alt)-sensitive ex-
clusion test.

**"Starfish™ is the high altitude nuclear explosion over Johnston Island in
the Pacific in July 1962, which injected about 102% energetic artificial
electrons into the inner zone region of the Van Allen belts.



A detailed discussion of this matter is given in the section on "Energetic

Solar Proton Fluxes".

Another important feature of the outer zone electron environment is
the strong local time dependence of the ambient fluxes. The LT variations
for high energy electrons (1-3 Mev) at about 5 < L < 6 exceed one order
of magnitude. These variations are due to the distortion of the mag-
netosphere caused by the solar wind (compression at local noon, elongation

at local midnight).

Theoretically, the new outer zone model, to be discussed in a sub-
sequent paragraph, recognized this dependence and accounted for it by
incorporating an analytic function for its calculation. However, the
version distributed in card deck form for practical application purposes
provides fluxes which are averaged over local time. The reason behind
this simplication is that most users employ the model in orbit-or time-
integration processes to missions which have durations of 6 months or more
and the local time effects would be averaged out anyway. Hence, in order
to save time, core, and effort, a local time averaged value, which is
nearly equivalent to the fluxes at the dawn meridian, was inserted into

the model in place of the analytic function.

In regards to the TIMATION orbit, it should be noted that although
the specified inclination of the proposed trajectory was 125 degrees

prograde, which is identical to 55 degrees retrograde, the trajectory used



in the study was generated for 55 degrees prograde inclination. In terms
of orbital flux integrations, this is an "equivalent" trajectory in the
sense that the results produced by it are about equal to those produced
by a trajectory with opposite tilt (55° prograde vs. 55° retrograde),

if the duration of flight time is adequately long (about 30 revolutions)
and provided the orbit periods are comparatively small (t € 2.5 hours)

and are not an exact divisor of 24 (hours in a day).

Of course, this happens because the same limited volume of space is
being sampled by both prograde and retrograde trajectories; when the
sémpling density is then sufficiently increased, by extending the flight
duration considered in the calculations, the statistical treatment of the

data (averaging process) produces the almost identical results.

Orbital flux integrations were performed with UNIFLUX, a '"Unified

Orbital Flux Integration and Analysis System" by Stassinopoulos and

Gregory (1972).

Two new environmental models were used in the calculations: the

AES by Teague and Vette (1972) for the inner zone electrons, and the

AE4 by Singley and Vette (1971) for the outer zone electrons. Some

observations on these models are in order.

Both are static models describing the environment as it existed

back in October, 1967, at about solar maximum conditions. In constructing



the models, it was possible to infer a change of the average quiet-time
electron flux levels as a function of the solar cycle. However, a complete
temporal description of the solar cycle dependence is not available at

this time. Besides, for the regions of space visited by the orbits
considered in this study, there occur no appreciable changes in the time

averaged fluxes.

Additional static versions of the AES5-AE4 models for the 1964 (1974)
solar minimum epoch have just been released and will be incorporated into

UNIFLUX for future applications.

In the meantime, electron fluxes calculated for the years 1973-76
{next solar min)} with the currently in use solar max models, are inevitably
overestimates. To partially compensate for this error, the uncertainty
factor attached to the electron results will ‘have to be adjusted. This
is done in Appendix A, where a reduced uncertainty factor is given, to

be used with the presented fluxes.

In contrast to the electrons, no special considerations are required
for the proton results obtained from staﬁdard models long in use.
Although they also describe a static enviromnment, this is a valid repre-
sentation for these particles because experimental measurements have shown
that no significant changes with time have occurred in the proton population.
With the exception of the fringe areas of the proton belt, that is at very

low altitudes and at the outer edges of the trapping region, the possible



error introduced by the static approximation lies well within the uncer-
tainty factor attached to the models. Consequently, the proton data may be

applied to any epoch without the need for an updating process.

We wish to emphasize that our calculations are only approximations
although they are based on the best available data; as always, we strongly
tecommend that all persons receiving parts of this report be advised about

the uncertainty in the data, as discussed in Appendix A.

Appendix A also contains pertinent information on units, field models,

trajectory generation and conversion, etc.

Finally, an explanation regarding the attribute "standard" frequently
used in the reformatted OFI (Orbital Flux Integration) Study Reports.
The term is applied as a modifier to »erameters, constants, or variables
in order to indicate or refer to some specific value of these quantities
that has been used without change over extended periods of time. Although
override possibilities do exist in the UNIFLUX system, a routinely sub-
mitted production run will, by default option, always use these "standard"
values. The term is also used in reference to established forms, style,
processes, or procedures, as for example, "standard tables', ''standard
plots", "standard production runs", etc. A list of some quantities,

values, or expressions modified by "standard" is given in Table 1.



Results: Analysis and Discussion

The outcome of our calculations for both missions is summarized
in Tables 3 to 18, which are all computer produced. The tables are
arranged in five sets, where every set pertains to one specific type of
data: the first set contains the "L-band" tables, the second the
nSpectral Distribution and Exposure Index" tables, the third the table
of "Peaks", the fourth the "Exposure Analysis' summary and the 'Time
Account' breakdown, and the fifth set the "Energetic Solar Proton"r
tables. The first three sets contain two similar members for every
mission considered in the study: one for protons and one for electrons,
jn that order. The last two sets contain only one member for each
mission. The tables are further explained in Appendix B, where a more
detailed description of their contents is given. Figure 1 is a guide
to table arrangement, as they are produced by a standard production run
of the Orbital Flux Integration (OFI].program UNIFLUX for a single

trajectory.

Some of the tabulated data is also computer plotted in Figures 3 to
14, with additional Figures 15 to 18 containing plots of flightpath data.
Finally, the manually produced Figure 19 gives the mean annual solar proton
fluence for both trajectories considered in this study. As with the tables,
the computer plots are arranged in five sets, where each set pertains to
one specific type of data: The first set contains "Time and Flux

Histograms", the second "Spectral Profiles", the third "Peaks per Orbit",



the fourth trajectory "World Map Projections', and the fifth "B-L

Space Tracings". Again, the first three sets contain two similar members
for every mission: one for each type of particle considered. The last
two sets contain only one member for every mission. Appendix C describes
and explains the plots. Figure Z is a guide to plot arrangement, as they
are produced by a standard production run. The final plot (Figure 19)

is explained in the section "Energetic Solar Proton Fluxes'.

I. Spectral Profiles

For tabulated data consult Tables 7-10.

For plotted data consult Figures 7-10.

The integral spectra presented in this report are orbit integrated,
statistically averaged, trapped particle spectra, characteristic of the

specific trajectories that produced them.

Noteworthy are the electron spectra obtained from the new environ-
ment models AE5 and AE4, especially in regards to the steep fall-off to
zero flux in the energy range of about 4 to 5 Mev. The apparent cutoff
at these energies is probably due to the extensive decay of the high
energy Starfish artificials by 1967, since no significant numbers of

trapped naturals exist with energies greater than 4 - 5 Mev.

To be exact, there are only two very small areas in B-L space where

the solar max models contain trapped electrons with the energies E > 5 Mev,



These areas form "pockets'" of high energy electrons on the magnetic
equator in the L-ranges 1.45 - 1.75 and 3.65 - 4.10 earth radii. The
inner zone pocket is obviously a Starfish remnant, whereas the outer
zone pocket appears to be a normal feature of the natural electron

radiation belt because artificial electrons never populated that area.

With regards to the protons, it should be noted that the high alti-
tude TIMATION orbit does not encounter any particles with energies
E > 30 Mev. This happens because the orbit never visits those regions
of the magnetosphere where these protons are trapped. In comparison,
the SOLRAD mission experiences a very hard proton spectrum above energies

of about 18 Mev.

II., Peaks Per Orbit

Tabulated data is contained in Tables 11-14.

Plotted data is shown in Figures 11-14,

The absolute peaks per revolution presented in this report have
been obtained for standard OFI (Orbital Flux Integration) energies;

that is: E > 5. Mev for protons, and E > .5 Mev for electrons.

For a given circular trajectory at a fixed inclination and altitude,
the peak-contour may display small or large amplitude variations or dis-
continuities, following pericdic patterns based on the daily cycle of

revolutions. However, the amplitude of the cyclic variations and the



peak values are functions of inclination and altitude. Thus: the
relative difference between the Ppax and the Ppin values of a curve, as
well as the magnitude of the individual peaks, may vary significantly

(several orders of magnitude) when i or h are changed.

Apparently, an increase in height has a dampening effect on the peak-
curves: the amplitude variation shrinks, and the extrema approach each
other; it also produces a relative rise in the magnitude of the encountered

peaks.

As to the study at hand, if the peak fluxes for the SOLRAD Mission,
shown in ¥Figures 11 and 12 for one day only, were calculated and plotted
for several days, the respective contours would follow the periodic
pattern discussed in the previous paragraph. Allowing for small varia-
tions due to possible fracticnal precessions per day, this pattern would
repeat itself indefinitely since the investigated trajectory is circular
and no major changes with time are expected, assuming, of course, that
the orbit is stable and experiences no external perturbations or atmos-

pheric drag effects.

In contrast, the TIMATION trajectory experiences almost no variations
in the peaks. Extending the duration of the run to longer flight-time
intervals, as for example 48 hours or even several days, would not
affect the approximately constant value of the peaks. There are two

reasons for this, both applying to the case of TIMATION, although either

10



one by itself would have sufficed to produce the obtained results. One
is that the orbit period of about 8 hours is an integral divisor of 24
(hours in the day) and any extension of time would result in an almost
exact retracing of the previously traversed flightpath, and hence yield
about identical results. The second is that at the altitude of the orbit
the higher order terms of the field model have dropped out and the field
displays a nearly dipolar symmetry, without the distorfions and anomalies
that prevail at low altitudes; this, in turn assures that each revolution

will be exposed to the same flux levels, regardless of orbit precision.

ITI. Trajectory Data

See Figures 15-16 for World Map projections.

See Figures 17-18 for B-L Space Tracings.

A. World Map
World map projections of trajectories are by definition the sur-

face traces of their subsatellite points.

The apparent westward drift of successive orbit tracings is the
"longitudinal precession” of the trajectory, resulting from the ro-
g

tation of the geoid in reference to the orbit plane.

Under unperturbed dynamic conditions, the respective orbit
petriod determines the nodal precession of the trajectory. For cir-

cular flightpaths, the period, and hence the precession, is a simple

11



function of the geocentric distance. At the altitude levels pro-
posed for the SOLRAD and TIMATION missions, the period is respective-
ly 790 and 7.970 hours with corresponding precessions of 11 and 1.35
degrees approximately. This amounts to about 13 and 3 completed

orbits for a twenty four hour flight-time duration. -

Although a general 24-hour flight duration was considered in
the study, if the number of orbits per day is large (shall period)
then, for reasons of clarity, the world map projections of the tra-
jectories are not plotted for more than ten revolutions. The orbit

numbers appear at the starting points of each revolution.

B. Magnetic Dipole Mapping
At large geocentric distances (r, > 6), the quantities B and L
have no phySical meaning any more because of the interaction be-

tween solar wind and magnetosphere.

The noon-midnight distortion of the magnetosphere, produced by
that interaction (compression in the solar and elongation in the
antisolar directions), causes a bréakdown in the symmetry of the
dipole magnetic shell parameter L and introduces significant ex-
ternal currents and fields, whose contributions substantially alter
the apparent field strength B that is presently being obtained for
a given position from the dipole terms of the internal field model

applied in the calculatijons.

12



Therefore, in this study (as well as in every model of charged-
particle radiation utilized), these variables are being employed

only as ordering parameters.

The magnetic B-L space tracings of the high inclination tra- -
jectories {i 2 55°) appear as long horizontal line segments on the
plots (Figures 17 and 18), strikingly displaying the transverse

motion of the satellite in that space-frame.

Incidentially, all inclined trajectories cross, of course, the
magnetic equator twice per period; however, the nodes (and hence
the point where the curves are tangent to the equatorial contour)
are shifted due to the rotation of the gecid. This displacement in
B-1 space is analogous to the precession in geodetic space. The
SOLRAD flightpath plotted in Figure 17 is a good example of such
an orbit, on the other hand, the dipolar symmetry discussed under
""Peaks per Orbit" for TIMATION is strikingly demonstrated by the
clustering of the corresponding B-L tracings in Figure 18. The
separation of the curves on the equator is due to the tilt of the

magnetic dipole.

Again, for reasons of clarity, only three orbits are plotted

per graph; here also, the orbit numbers appear at the starting

points of each reveolution.

13



Energetic Solar Proton Fluxes

Good measurements of solar cycle 20 interplanetary cosmic ray
fluxes at about 1 A.U. are now available. These interplanetary particles
are also observed over the high latitude polar cap regions. However,
at other latitudes the geomagnetic field effectively shields the earth
from some of these cosmic rays by deflecting the lower energy particles
while only particles with increasingly higher energy penetrate to lower

latitudes,

In order to consider the effect of geomagnetic shielding from
cosmic rays on an orbiting spacecraft, the total time spent by the
vehicle in regions of space accessible to these particles has to be cal-
culated, as a function of particle energy, for the entire lifetime of the
satellite. In other words, the exposure of a spacecraft to these particles
is in essence a function of trajectory altitude and inclination, and
mission duration. Of course, this applies only to the years of increased
solar activity, and whether a satellite will "see" energetic solar
protons or not, even in accessible regions of the magnetosphere, depends
on thé epoch within the solar cycle, at which the mission is to be
flown. If it coincides with the period of low solar activity (years of
solar minimum), it most likely will not encounter any significant number

of energetic solar protons, and vice versa.

14



Having calculated a mission related exposure time for a specific
trajectory, one can use experimentally determined low energy cosmic ray
fluxes of solar origin from which the galactic background has been
subtracted, to obtain vehicle-encountered energetic solar proton
intensities. In the present study, the annual mean of event and cycle

integrated proton fluxes of cycle 20, given by Stassinopoulos and King

(1973) for energies ranging from E > 10 Mev to E > 100 Mev, were used

to estimate cycle 21 intensities on the SOLRAD and TIMATION missioms.

However, no thorough statistical treatment has yet been worked out
in regards to the probability of actual cycle 21 fluxes exceeding the
predicted intensities. Crude model confidence levels only are available
at this time. The importance of such statistics must be emphasized; it
is best demonstrated by the occurrence of the August 4-7, 1972, event,
which was the largest recorded in solar cycles 19 and 20, its fluxes ex~
ceeding the accumulative total of all other cycle 20 events by about
a factor of 2 for the E > 10 Mev protons and by a factor of 4 for the
E > 30 and E > 60 Mev particles. Therefore, caution is advisable when

using the data presented in this report.
The probability that the fluxes estimated for the SOLRAD and

TIMATION missions will be exceeded by an actual event, is about 33% for

a one year mission duration, and about 40% for a two year mission duration.

15



Figure 19 shows annual, ommnidirectional, integral spectral profiles
of vehicle-encountered energetic solar proton fluxes for the two missions,

in units of total number of particles per square centimeter.

Note: These fluxes apply only to missions planned for periods of
increased solar activity. It is not expected that solar-min missions
will encounter energetic solar protons of any significance; at least,
it is very unlikely (but not impossible) to have a major event occurring
during the years of minimum solar activity. Thus, a 3 year mission,
to be launched in mid 1974, will spend most of its lifetime in a solar
min period. Hence, no sclar protons have to be considered until about
1977. Thereafter, the predicted mean annual intensities should be
applied to the remaining 0.5 years. Caution: In evaluating the energetic
solar proton radiation hazard please bear in mind that the probability
of at least one anomalously large event occurring during the time interval

1977 - 1979 is high.

16
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APPENDIX A

General Background Information

For the specified flight paths, orbit tapes were generated with a
constant integration stepsize of one minute, and for a 24 hour flight
duration each. This time interval is adequate for a sufficient sampling
of the ambient environment. (For more details see section: '"Results,
ITI. Trajectory Data".) The following circular trajectories were thus

produced:

Inclination Altitude Mission
65° 1111 km SOLRAD
559 13890 km TIMATION

with the combined GEODYN-BLCONV system (Stassinopoulos et al. 1973},

which subsequently converted the orbits from geodetic polar (h,A,$)} into
magnetic B-L coordinates with McIlwain's INVAR Program of 1965 (Hassit

and McIlwain, 1967) with the field routine ALLMAG by Stassinopoulos and

Mead (1972), utilizing the IGRF (1965) geomagnetic field model by

Cain and Cain (1971), calculated for the epoch 1973.0.

Orbital flux integrations were performed with Vette's current models
of the environment, the new solar max AE5-AE4 for the inner and outer

zone electrons, the AP6-AP7 for high energy protons, and the AP5 for low



energy protons. All are static models which do not consider temporal
variations; this includes the new electron models, at least as far as
the present calculations are concerned. See text for further details

on this matter.

The documents that describe these models are listed below:

Models
AE4 Singley and Vette, 1972
AES Teague and Vette, 1972
APS King, 1967

AP Lavine and Vette, 1969
AP7 Lavine and Vette, 1970

The results, relating to omnidirectional, vehicle-encountered,
integral, trapped particle fluxes, are presented in graphical and tabu-
lar form with the following unit conventions:

1. Daily averages: total trajectory integrated flux
averaged into particles/cm? day,

2. Average instantaneous: time integrated‘average, characteristic
of the orbit, in particles/cm® sec,

3. Totals per orbit: non-averaged, single-orbit integrated
flux in particles/cm? orbit, and

4, Peaks per orbit: highest orbit-encountered instantaneous
flux in particles/cm® sec,

where one orbit=one revolution.



Please note: We wish to emphasize the fact that the data presented
in this report are only approximations. We do not believe the results
to be any better than a factor of 2 for the protons and a factor of 3
for the eleétrons. It is advisable to inform all potential users about
this uncertainty in the data. Please also remember that the electrons
have been calculated with a model describing the environment at solar
maximum. The obtained fluxes are, therefore, an overestimate for those
parts of the SOLRAD-TIMATION missions, which are scheduled to fly around
solar minimum, (1974 - 1976, possibly part of 1977, depending on the
duration of the present solar cycle). Consequently, it is suggested that
for the solar min period of the mission the electron results be taken as
an upper limit and the uncertainty factor be applied only in its reducing

capacity (divisor).



APPENDIX B

bescription of Tables

@} Tha Le-band Tabla!

The teble contains. 36 L-bands Li of equal size, covering the range from

L -« 1,0 to L ~ 8.2 ecarth radii in constant increments of .2 earth radii.

Por the L-intervals determined in.this way, orbital spectral functions

is1,36 )

NOEE L) = J, (>E:B J, (B, :B
A°

g LSy

are obtained at nine arbitrary energy levels such that the integral

, where EN was taken to be .1, 5.,

and .5 Mev for low energy protons, the high energy protons, and the

spectrum is equal to 1 for E = EN

electrons, respectively. The notation Li is used to indicate the
L-band from Li to Li+1' while J(>E;B)} is the integral, omnidirectional
flux yielded by the environment model used in the calculation. The
spectral functions N are evaluated for the total flight time simulated

in tho study, where the summing index k selects all trajectory points

lying in each Li'

The corresponding orbital distribution functions, representing fluxes

above energy EN' are given by -

F(E;L,) = At[}.' chr-s;m] 2)
k Li

where At 13 tho constant time increment of oxbit integration, whose

B-1



seanderd value is 60 seconds. The distribution functions are fluxes

cecumulated in thelr respective Li bands over the total flight period
considared, ‘

The orbital distribution functions age listed on the table at the bot-

2om of cach L-interval and are labeled "NORMFLUX'. The nine integral

eavrgy levels selected for the low dnd high energy protons and for

cloctrons ard given below in units of '"Mev" for all particles:

Protons Electrons
‘Low High ’

.1* 3. 0

.5 5. . S*

.9 10, ' 1.0
1.1 15. 1.5
1.5 20. 2,0
2.0 25. 2.5
2.5 30, 3,0
3.0 50, 4.0
3.5 100. 5.0

whete the normalization energy is indicated by & star (*).

U) The Spectral Distribution and Exposure Index Table:

This table has three parts:

I. The spectrunm ‘i;.(AE) given in % for energy intervals that core
respond to the energy levels of the previously discussed
table (L-bands), with two special colums showing the total
orbit integrated flux for these energy intervals averaged

into instantancous IS and daily I?_intensities

3
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) 0

and where k, is the upper limit of k. It is equal to the total

number of time increments considered in the study.

II. The composite orbit spectrum for integral energies, giving the
total vehicle encountered fluxes averaged into daily SD(SEj)

and ,instantaneous ss(>Ej)_1ntensities for 15 discrete energy

lovaels:
D T
s (>Ej) = cit [Jm(:-sj)' j=1,15 (7}
n=0 N
/
53(>Ej) . s°(>sj)/ssaoo (e

whera the summation is performed for the entire simulated mission .

duration T and includes all fluxes with energles greater tﬂnn Ej'

/
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TII. The exposure index, given (for the normalization energy used
in the L-band table) at nine successive intensity ranges R.n
one order of magnitude spart, in terms of exposure duration
TCRn), convortad ¢o hours, and total number of particles

_O(Ey;R ) eccumilated while in that intensity range. The

" notation R is used to indicate the intensity range €rom

l'n to ?‘n-rl'

GEGR) = T(R) 8(ER ) neds ©)
O(E ;R ) = T(R) 6(>E ;R
EN n 1) N''n RhF'rh <r < T
O(>EyiR ) = [E J(>Ey;x) / () (10)
R
n
(11)

T(Rn] w At "'h

where £ is the upper limit of £ in each R,

¢) The Table of Peaks:

In this table, the absolute instantaneous peak flux encountered during
each successive orbit (revolution) is listed for the indicated energy

range, Jhere are nine colums on this teble. Column 1 is an orbit

counting device, based on the period of the orbit when the trajectory
iies in the equatorial plane and is c¢ircular, on the physi¢al périgeu
in all elliptical cases, and on the equatorial c¢rossing for circular

inclined trojoctorios, Column 2 gives the poak flux, Columns 3, 4, and S

| Bed
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indicate the spacecraft position in geocontric coordinates at which the

peak was encountered, while columns 6, 7, and 8 determine respectively

the timo snd tho magnotic B~-L coordinates for this event. It should

"be noted that o1l simulated flight paths for the purpose of orbital

radiation studies start at t, = 0 hours. Finally, the last colum in-

dicates the total flux encountered during that particular eorbit. It

is advisable to disregard the last .line on this table because many times

that orbit 1s incomplete and the fluxes or positions shown do not cor-

respond to true peaks,

The Exposure Anaslysis Summary:

The summary is contained in the left half of this last fable of each set

23 a semi-independent and separate table. It indicates what percent of

its total lifetime T the satellite spends in "flux free" regions of

space, what percent of T in "high intensity'" regions, and while in the

latter, what percent of its total daily flux it accumulates.

In the context of this study, the term "flux free" applies to all re-

gions of space where trapped particle fluxes are less than one proton or

electron per square centimeter per second, having energies E > .1, E > 5,,
and E > ,5 Mev for the low energy protons, the high energy protons,

and the electrons, respectively; by definition, this includes sll re-
gions outside the radiation beltﬁ; The concept of "trapped particle
fluxes™ is meant to include stably trapped, pseudo-trapped, and trans-
lent fluxes, as long as they are part of or contained in the environment

codels used and, in the case of transients or psoudos, their sources

B>



are considered powerful enough to supply them in a substantial -and

ever pres ent way.

Simiiarly, we define a3 "high intensity' those xecgions of space where
the instantaneous, integral, omnidirectional, trapped-particle flux
is greator than 10% protons with energies E » .1 or E > 5. Mov, and

greater than 10® electrons with enorgies E > .5 Mev.

The values given in this table are s'tatistical averages, obtained over

extended intervals of mission time, However, they may vary signifi-

cantly from one orbit to the next, when individual orbits are considered,

The Time Account Breakdown!

The breakdown -of orbit time is given in the right half of the last table
of every set, in the same semi-independent form as the sumﬁary. The
table shows the total lifetime spemt by the vehicle in the inner zone
o (1.0 < L g 2.5) and the outer zone T° (2.5 <L g 7.0) of the trapped
particle radiation belt, and also the percent duration spent outside

that region (L > 7.0), which is denoted by T° (T-external), such that

for any mission
TaT +T°+7°a 1005,

The confinement of the outer zone within the boundary of the L = 7,0

volune is arbitrary and has no physical meaning. It is intended only

as & simplification to facilitate our calculations. The region con-
sidered "external' (L = 7.0) in this study is still partially a domain

of the outer zono, ot least as far out as L = 11.0 earth radii, accord-

B=6



ing to the latest electron models (Singley and Vette, 1972).

A last item on this tgbie: the inner zone time Ti may be subdivided

into two pariss tho psrcontage of tiwme spent outside the region

(1.0 <« L ¢ 1.1) and inside the region (3.1.< L £ 2.5).
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APPENDIX C

Daseription of Plots

g} The Time and Flux Histogram:

This plot shows two curves superimposed on the same graph, namely, one

each for the variables '"time" and "flux". Both are given as functions

of the parameter L (earth radii) within the range 1<L«<7, on a semi-

log scale. The plot depicts: (1) by a plain curve the characteristic

trajectory intensities as obtained from the orbital integration process
in terms of averaged, instantaneous, integral particle fluxes above a
given energy, over constant L-bands of .1 earth.radius width, and

(2) by a contour marked with symbols the percent of total lifetime (3T)

spent in each L-interval, The logarithmic ordinate relates to the time=

flux varisbles. The printed nwmbers are powers of 10 and pertain to the

fluxes; tha scale values for the time curve are given in the upper part
of the ordinate label: from 10™° to 10° percent of T. The type of

particlos, their integral energy, and the units, are all given in the

lower part of the lsbel. The label ¢n top of the graph lists some useful

information about the trajectory.

©) The Spectral Profile:

A graphicel presentation of the final spectral distribution, obtained

from the orbital integration process, The plot is & seml-log graph,

where the abscissa i3 a linear energy scale fﬁr'integral particle energles
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E, in Mev, and the ordinate is a logarithmic scale for the orbit inte-

grated fluxes, given in dally 'averages for energlies greater than E,;

the printed scale values are powers of 10,

Pcaks per Orbit:

Here the absolute peak intensities, encountered per period, are plotted
for the duration of the total flight time considered (1 peried = 1 revo=-
lution = 1 orbit), The logarithmic ordinate relates to instantaneous

particle fluxes of the environment at the indicated energy threshold,

while the abscissa is a linear orbit enumeration.

Worid Map Grid Projection of Orbits:

The trajectory is plotted for several revolutions on a global map

produced by & Miller Cylindrical Projection. The contours of the con-

tinents have been omitted for clarity. The positions of either equatorial

crossing, of physical perigee, or of perlod commencement are indicated
by numbers identifying the orbits shown in this graph. For all tra-

jectories, the distance between successive sequential numbers is a

measure of the orbit precession.

B-L Trace of QOrbits:

This plot shows a trace of the trajectory in B-L space on a semi-log
scale, Several orbits are usually depicted, each identified by its
gsequential number. The magnetic equator is entered on sll plots. The

logarithnmic ordinate -relates to the field stréﬁgth B in gauss; the
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printed volues ero axponents of 10. L is given in earth rsdii on the

iingzr abscissa,
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TABLE 1

Partial Listing of _
Parameters, Constants, Variables, or Expressions

designated as "standard" in the text

Standard Tables:

Standard Plots:

Standard Production Run:

Standard Integration Stepsize:

Standard Energies:

Standard Procedure:

set of tables as listed in Figure 1,
in the regular format described in
Appendix B,

set of plots as listed in Figufe 2,
in the regular format describeéd in
Appendix C.

a production run processed on de-
fault options.

constant time increment of orbit
integration: 1' (60").

protons E > 5. Mev and electrons
E > .5 Mev,

established procedure normally
followed vs. procedure followed in
special cases.



TABLE 2

B and L Extrema of Circular SOLRAD and TIMATION Trajectories

B-range L-range
B-min B-max* L-min L-max*
(gamma) (earth radii)
SOLRAD:
Inclination 65°
15632 .40227 1.09 29:08
Altitude 1111 km
TIMATION;
Inclination 55°
. 00893 .01765 - 3.14 12.52

Altitude 13890 km

*These values are not true upper bounds for the respective trajectories
because calculations and storage of B and L are suspended by an (h,A,p)-
sensitive exclusion test.
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2.500 S5+88E~03 S.14E-03 4,40E-~03F 3.57E-03 2.B8TE-03 1.89E=03 1.,31F~03 1.,12E~-03 0.0 6+ IFE~04 F.45E~04 0.0
3.000 1249E=03 1.25E=03 9.68E~08 £,90F=-04 S.S6E~08 3I.T7EE=04 2.£60E=04 2,14E=-04 0.0 0.0 0.0 0.0
4.000 2.09E~05 S.TBE=06 Da0 O+0 0.0 0.0 0.0 0.0 Q0 a0 0.0 Ce0
S.000 0.0 0.0 Qe Q.0 0.0 0.0 Q.0 0.0 0.0 0.0 Qe 0 0.0

NORMFELUXE SeBAE 07 3I.23E OT J.T9E 07 1.08E D7 6.45E 06 B.12E 056 6.23E 06 4.B2E 06 0.0 1.58E 06 1.4TE 06 9.02F 05



Takle 5
——————————
R R AR A 0 o o o o otk o oo I M A R A R R R R R R R Rk ko ek kAR R R R
*% ORBITAL FLUX STUDY WITH COMPCSITE PARTICLE ENVIRDNMENTS: VETTES APS, APG. AT AE4: AESe FOR SOLAF MAXTMUM %k&s UNIFLX OF 1973 #%
kk ELECTRON FLUXES EXPONENT IALLY DECAYED YO 1973, 6 WITH LIFETIMES? SeGeSTASSINAPOULOSEF.VERZARIV &%k CUTOFF TIMES? ik
*% MAGNETIC CDORDIMATES £ AND L COMPUTED BY [NVARA DF 1672 WITH ALLMAG, MODEL 5% IGRF 1965.0 B80-TEPM L0/68 * TIMEZ 19T73.0 ##
% YEHICLE 3 1 NRL TIMATN 3 INCLINATIONS SSQEG %% PERIGEE=13890KM %% APOGEE= |3B90KM =% B/L ORBIT TAPE: TD7963 %% PEpIOQ= T.970 *%
I I I I T I T I T I O N I I I I I I O N I T I I e T e T L T e T L T
T T T T T P PROTONS MR R R RRA R R KRR RN Rk
*% SPECTRAL DISTRIBUTION ! NORMALTIZED BY FLUX OF ENERGY GREATER THAN S.000MEV &=
L R e T T T T T P N T T T P P T Ly

ENERGY L -BANDS (M AGNETTC S HELL P AR AMETER I N E ARTH PAD I L) L -8B ANDS
LEVELS ELoD=142% ®1,2=1o8% B lald=1o6% R1o6-1.8k %] B-2,0% K2,0=2,2% K2,2-2 , 4% E2,8=2,60 K ,6=2:8F %2 ,8~3,0% *3.0=3.28 %3,2=3,4%
>(MEV)

~1000 D.0 0.0 .0 Qs 0 0.9 Q.0 0.0 0.0 0.0 0.0 4. 79E 04 8.60E 04
1.000 0.0 a0 040 0.0 Q.0 Q.0 0.0 0.0 0.0 Qa0 4,88E 03 T.59E 03
3.000 00 0.0 0.0 0,0 Q.0 0.0 0.0 Ol 0.0 0.0 3411E 01 3J.6BE 01
S5.000 0.0 Q.0 0.0 0.0 0.0 0.0 Q.0 €0 0.0 0.0 L« ODE 00 1.00E 00
L0000 0.0 0.0 0.0 [+ 19} 0.0 0.0 0,0 [ Q.0 0.0 S5«09E~02 4.75E-02
20,00 Gae0 0.0 Q.0 Ge0 Q.0 0«0 0.0 Q.0 0.0 0.0 L+19E=03 S.B7E-03
30.00 a0 0.0 D. 0 0.0 0.0 0.0 D0 0.0 0.0 De0 Ce 0 0.0
S0.00 0.0 Q.0 0.0 0.0 0.0 0.0 0.0 0.0 00 Qa0 Q.0 0.0
1L00,0 0.0 Q.0 0.0 0.0 0,0 00 0.0 0.0 0.0 Oa0 0« C Q.0
NOGNFLUXZ 0.0 0.0 0.0 0.0 0«0 D0 0.0 0.0 00 0.0 44+10E Q7 3.36E 07
EMEFRGY L=-BANDS CMAGNETTC SHELL P AR AMETTFRPR I N EARTH FADIET)) L -8B ANDS
LEVELS BIeg4= 3,68 NI.6—T.88 XA.B-a, 0k k8,08 .28 Hd,2=8,8% RE ,4-0,6% ¥4 60 ,0% R4, 85,08 H5.0=5.2*% W5,2=5,0% XS, 4=5,6% *5,6=-5.0%
>{MEV)

«1000 2.0BE 05 G,.83E 05 6.20E 06 &.22E €8 4.02E OR 3.41Ff 08 2,.13F 08 1.34E 08 1.08E OB 6.00F 07 S.62E Q7 3.89E 07
1.000 1¢52E 08 S,0TE 04 2411E 05 S.S1E C6 B.02€ 05 1.08BE 05 2,32E 08 T 49E U3 3J.8FE 03 1.1TE 03 9.,79E G2 6.57E 02
3.000 4.7T2E 01 7.2BE 01 Le#4tE 02 6.88FE 02 0.0 0.0 D0 0.0 a0 0.0 0.0 ) 0.0
5,000 1.00E G0 1,00E 00 1t.00F DO 0,0 0.9 0.0 0.0 Q.0 QW0 DD 0.0 0.0
10,00 4.JTE=02 1.T5E~-02 0G0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Q.0
20.00 S« S6E=05 0.0 Q0 0.0 C.0 0.0 G.0 Q.0 Q.0 0.0 a.0 0a0
30.00 0.0 G.0 Q.0 C.0 G.0 Q0 0.0 [+ Y] Q.0 Q0.0 0.0 0.0
50,00 0.0 0.0 0« @ 0.0 0.0 0.0 Q.0 Q.0 0.0 0.0 D0 Q.0

100 .0 Q0.9 D.0 [P 0.0 0.0 Da0 Dat [+ Y] 0.0 0.0 0.0 0.0
NORMELUX= 3.,24F 06 2,49E 08 Z,10E 04 0,0 [+ PN ] 0.0 0.0 0.0 0.0 Q=0 0.0 0.0

ENE RGY L-BANDS {MAGNTETTIC S HELL P AR AMETER I N EARTM P ADTI T ) L -8 aAaNDS
LEVELS RE e A= Ko D% #8 0=0e2% ¥E542=04 4% BELA=5 6% B, 6=6,8%k KB, 8+7,08 k7 ,0-7,2% 7427288 KT7,4=T b6k RT7.6=T.8% %T.B=B.0% #3.0-0VR%*
> (MEV)

« 1000 3WT3E 07 2.8BE 07 1.73F 07 A4.48F 07 T.406 06 A4,30E 06 B8.29E 05 64,38E 05 2,17E 05 3.87E 04 S.24E 04 2.39E 04
1.000 T+3DE 02 A&.47TE 02 2.86F 02 4.8IE 02 1.20F 02 1.24E 02 3.985 01 4.10E 01 4 .,08E 9Ot 1.,07€ 01 2.38F Q1 7.07E 0l
3.000 Q.0 0.0 .0 Q.0 Q.0 0.0 G0 0.0 O .0 V.0 0.0 0.0
5.000 Oa0 Qa0 0«0 0.0 Ca«0 D0 0.0 C.0 0.0 0.0 0D C.0
10.00 0.0 0.0 Ca0 0.0 Q0.0 0.0 Q.0 0.0 0.0 (4 ¢ 0.0 Q.0
20,00 0,0 0.0 0.0 Q.0 0.0 0.0 0.9 0.0 ¢.0 0,0 0.0 0.0
30.00 Q.0 0.0 0.0 0.0 Q.0 00 0.0 Q.0 0.0 Cs0 0.0 Q.0
S0.00 Q0 0.0 0.0 0«0 Q.0 D0 0.0 G0 0.0 0.0 0.0 C.0
100.0 0.0 0.0 0.0 0.0 0.0 d.0 Q.0 8.0 0.0 0.0 0.0 Ca0

B
NORMFLUX= 0.0 0.0 0.0 0.0 0.0 0«0 Q.0 0.0 0.0 0.0 0.0 Ca



-~ %% DRBITAL FLUX STUDY WITH COMPOSITE PARTICLE ENVIRONMMENTS?E
*® ELECTRON FLUXES EXPONENTIALLY DECAYED TO 1973+ & WITH LIFETIMES:

VETTES APS,.

¥% MAGHNETIC COORDINATES B AND L COMPUTED BY INVARA OF 1972 WITH ALLMAG,

% YEHICLE

I MARL TIMATN % INCLINATION=

SSDEG *%* PERIGEE=13890KM ** APOGEE=

AP&, APT:

MODEL 53

AE%,s AES,

IGRF 1965.0 a0=TERM 10/58

13B90KM *% B/L ORBIT TAPE!

——————r
*EMRERREEARENRER R A AR N RSP R SRR RAR R R AR AR RN NSRRI NAR RN SR RN AR R R AR EF SRk SRk hk b RErkn kb khnp kb hka kb bhdnbb bk it
FOR SOLAR MAMIMUM *&td UNIFLX OF 1973 »w

E+GoSTASS INOPOULOSEP.VERZARIU *¥% CUTOFF TIMES?

& TIME=

TDT263 4« PERIOD=

2k
L9730 *%
7.970 #»

T L T g P L Y T e T P T L e P T2 2 2 T T T
T TP T T U B TP

ENERGY
LEVELS
>({MEV]

«LO0O
« 5000
1.000
1.500
2.000
2.500
3,000
4,000
5.000

MHORNFLUX=

ENERGY
LEVELS
>(MEV)

«1000
« 5000
1.000
1.500
2+000
2.500
3.000
4.000
5.000

NORNMFLUX=

ENE RGY
LEVELS
>{MEVY)

«1000
« 5000
1.000
1.500
2.000
2.500
3.000
4.000
$.000

HORMFLUX=

L-BANDS

[+ )
G0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Ced

L=-898ANDS

6.3%€ 00
1.00E 00
3.97TE=-01L
1.98E=01
Y+.90E-02
4251E=02
1o TAE=-O2
5. 13E-0a
D0

2439E 10

L-BANDS
HE5.B8=Ge0F RE5 2002 ¥6.2=6.5% RE,4=6.5%

‘3«96E€ 00
1.00€ 00
2+ 54E-C1
TeSHE~D2
2225E-C2
6. 08E-03
1.5S3E=-03
2¢28E-05
0.0

4:08E 09

SEERERRNERFCREEKRRERERESEE Rk RED

*% SPECTRAL DISTRTIBUTIONMN
sk ek ool o ok ot e e e e e ok ok p ok il oF o Bk ok ool ek kol e ok e e e e ok Rk e e o e o e il ol e ek

0.0
Q+0
0.0
0.0
Q.0
0.0
0.0
0.0
0.0

0.0

(M AGNETTIC
T laD=142% ¥1,2=1a80 Klo8=1.6F S1.6=]1 .85 %1 4B=2,08% ¥2,0~2.28% ¥2,2-2,4% R2 ,4=2,6% WZ,6-2.8F 2,8=-3,08 £3,0=3,2% #3,2=3.4%

0.0
0.0
D+.0
0.0
[+ 2]
0.0
Qe
0.0
Qs+ 0

0,0

(M AGNET]C
¥324=Fao¥% HI26=3.8% ¥328=4: 0k £4.0-4.,2%

S HELL

0.0 0.0
0.0 G.0
Q.0 D.0
0.0 0.0
Ge 0 0.0
Q.0 0.0
0.0 T
0.0 0.0
0.0 00
0.0 0.0
SHELL

S.+.98E 00 4.66E 00 3.83E 00
1-00E 00 1.00E 00 1t.00E OO
3+.84E~01 3J.65E~01 3.55E-01
t.92E=-01 L+ 7TO0E=0L L+S0E=01
FeSHE-0GZ2 7.99E-02 6.36E-02
4.TAE-02 3J+F4E=-02 2.83E-02
2. 00E~02 L+ TTE=02 1+25E=02
6.62E~04 S.9T7E~04 3,92E-04
1+34E=07 3,13E=07 2.39E-08
1.9BE 10 2.,04E 10 1.867E 10

(M AGHNETTIC S

4.38E 00
1.00E 00
2.39€=01
G.80E~-02
1 «95E-02
S.07TE=C3
1+23E=-03

‘1 +3BE-05

0.0

2.54E 09

4+900C DO
1. 008 0D
2+ 36E=01
6o S3E=02
l«B1E=02
4.51E-03
1. 02E=03
B4 G2E~06
[ XN

Z:6TE 09

6. 08E 00
1.00E 0O
24 32E=01
6+ 10E-D2
L+ 60E=-D2
3,T7T9E-03
T« 65E-04

A, 52E~-06

0+0

1.95E C9

G a2—4,4%

3.53E 00
L. 0DE 00
3.,55E=-01
lLa41E=01
S+63E-02
2+37E-02
9«.S1lE~03
2« 56E-04
0.0

L.57E 10

HELL
*¥6.6—5. B%

6.37TE 00
1.00E 0O
2.11E=-01
S+28E=-02
1.30E=-02
2.93E=-03
S« 70E-04
2+ 3I5E~-06
0.0

4.33F 08

- ELECTRONS
NORMALI ZED BY FLUX OF ENERGY GREATER THAN

P ARAMETER

0.0
0.0
Q.0
0.0
Q.0
0.0
0.0
0.0
0:0

0.0

[+ 1Y+ ]
0.0
QR
0.0
0.0
00
0.0
Q.0
0.0

0.0

P ARAMETER

4L 4=4 .68

3.33€E 00
1.00€ 00
3.53E-01
1.33E=-01
S+ 04E-02
2.01E-02
T«33E=-03
1.86E-04
D0

1L.34E 10

¥4 .6=4 , 8%

3LA45E 00
1.00E DO
JeA6E=D1
1.2TE=Q1
4 ,89E=-D02
le77TE=-02
5+.80E=-03
1+842E-04
0.0

L«0Q2E 10

P A2 AMETER
*6.B=T 0% ¥7,0-7,.2%

T«THE 00
1.00E 00
1.TIE=-D1
3,87E=02
B.79E=03
LaP1E=03
3,86E~D4
2.0

0.0

4 +BBE 08

9.8BE 00
L. 00E 0O
Le44E=-01
J.07E=0Q2
GaS4E~03
1« 37E=03
2+BOE~pD4
0.0

Q.0

L«&BE 0B

1N

0.0
0.0
00
0.0
0.0
0.0
00
0.0
0.0

0.0

IN

EARTH

0.0
0.0
0.0
Q.0
Q.0
0.0
0.0
00
o.o

Qa0

EARTH

«SUOOMEY e

R ADT

0.
0.0
0.0
00
0.0
0.0
0.0
OO
0.0

0.0

rRADTI

F4e8=5.0F HS20=Se2%k *5,2~=5, 4%

3.65E 00
E.00E 0O
J+3BE-0Q1
1.226-01
4,39e-02
1.56E-02
2.6LE-03
1. 10E=-D4
0.0

8.52E 09

IN
RTe2=Ted¥

1«19E 01
L.00E 00
1e34E-01
2:T9E=-D2
S.81E~03
1«20E~03
2.4 1E~04
Qe

Q.0

1.73E 08

3.B0E 00O
L-00E QO
3 .30E-01
1+15E-01
4 400E=02
1 +32E-02
3.5TE-03
8+25E=05
C.0

T66E 0O

EARTH
KT o=T %

1.73E 01
"1.00E 00
Lel6E=-01
2.32E=-02
8 .64E-03
9.23E-04
1.736-04
0«0

0.0

1 «S8E 08

3.85E 0D
1.00E 00
3.23E=-01
1 +07E~01
3.56E~-02
1L+0BE=02
2+7TTE~03
5. 0FTE~-0S
0.0

4. 74E 09

rADTL
xT 6T ,.0%

2e+39E 01
tw.O0E 00
L202€~-01
1u96E=02
JaTHE~-03
6.80E-048
1 +00E=-D4
0.0

0.0

2,98 07

I L -

S+55E 00
1. 00E 00
3. 73E-01
1« 82E=01
BeS2E-02
A.TIE-02
1«39E=0Q2
3. TIE~ 04
Gal

L.B4E 10

I L -
E5a8-5.6%

3. 91F 00
1.00E 00O
3.14F=-01
9. 98E=02
3.1TE-02
F+MLE=03
Ze21E~03
4 +54E~-05
Qe D

5.07E 09

1 L -
kT.B=8,0%

2«93E 01
1.00€ Q0
Sy IE-0Q2
1. 76E=02
3.28€-03
S.59E~04
&a GOE=05
0.0

0.0

S5.30E O7

E ANDS

S5«T4E 0O
1+.00E Q0
3.51E-01
1.93E=01
SuSE~02
44 14€E-02
1:51E=-02
4. 13E-08
Q.0

4.02E 10

B AMNDS
%5 .65 .,8%

3«.94E 00
1«00E QO
2.8T7E-01
8.83E=02
2+ F2E-N2
T+4BE=D3
1+85E-03
3.27E-0S
Q.0

3.93E Q9

B ANDS
*8,0-0VR*

G« TAE 01
L« Q0E 00
S.T4E=-02
T«22E=03
9.93E~-0D4
L. 1BE~-O4
0.0
0.0
0.0Q

S5+56E 07



B

'?tU**tt‘ttti*t*tt*ttt*‘t.t#itt#*tt*ti*t**t*ttt*t*i**tt#t**;#t**tttt*l*#t**#ttkt#tttti*ttt‘*t“‘*"*ttt***&t“tl*tttit*t#ltitlt!ttt
& IRBITAL FLUX STUDY WiTH COMPCSITE PARTICLE EMVIRONMENTS: VEYTFS 2P5, AP&. APT: AE4y AES, FGCR SOLAP MAXIMUM #%&kk YNIFLX OF 1973 =

- %% ELECTROM FLUXES EXPONENTIALLY DECAYED TO 1973, & wWITH LIFETIMEST S.G.STASSINOPOULOSEP.YERZARIU *% CUTOFF TIMES: *

** MAGNETIC COOROINATES @ AND L COMPUTED BY [NVARA OF 1972 WITH ALLMAG, MODEL S IGRF L96£.0 AO~TEFPM 10/6A * TIME= 1973.0 *#
"% VEHICLE ! 2 NRL SOLRAD ## INCLINATINN= 6SDEG % PCRIGES= 1111KM %% ARPOGEE= 1111KM a% 8701 ORSIT TAPF: TDTS63 *x& PELIOD= 1.700 *%
bbbt il AR L R R LR LT S Sy Ty PR e L e e L B T T T T R PR Py P Ty Py o o e e qs iy i
RERFEEK: bk kkkk g PROTONS el EE T E 22T T3 2
AEEWREE KRR RNk Rk k- kk ke kR R A N Rk

cxtkts SPECTRUM IM PERCENT DELTA ENERGY ®®unkiii *kEk COMPOSTTE ORRBIT SPECTPUM six * EXPOSUHE INDEX:ENERGY>»S«000MEY =
EMERGY AVERAGED AVERAGED SPECTRUM ENERSY AVERAGED AVERAGED INTENSTTYY EXPASURE TOTAL # OF
RAMNGES TATAL FLUX TOTAL FLUX LEVELS INTEG.FLUX TNTEG.FLUX RANGFS DURPATTON ACCUMULATED
{MEV) B/CMRR2/SEC  N/CMAKZ/0AY  PER CENT >{MEV} r/CMERS/SEC H/CUMRRZ/DAY #/CMERD/SEC (HOURS) PARTICLES
+1000=1,0C0 T.948E 04 c.867E 09 91900 «1000 8.649E 04 T+4T2FE 09 ZERD FLUX 13.600Q 0.0
1.000=-3.000 3.503E 03 3.027E 0B 4.051 «5000 1.37aE 04 1.187TE 09 L.EO0~1.E1 L«250 1.T3I6E Oa
J.N00=%.000Q 1,218 03 1.049E 08 L+402a 1000 T«NOSE 03 5.053E 08 1.El=1.E2 2.050 3+197E Q5
S.000-10.C0 1.280E 03 Lt+106E 08 1. 480 2.000 4,a457E 03 3.851E 06 1.E2-1.E3 2. 700 31.537E 06
10.00=-20.00 4.51T7E Q2 3.989E 07 Q534 3.000 3.5N"2E 03 3.026F 08 1.E3=1.Ea 2«500 4.090E 07
20.00=-30.00 94733 DL 8,439 06 DW113 4.000 24 37SE 03 2,484F (8 L+Ed=1.ES 1,800 1.525F 0A
A0« 00=-5E0.00 L«3I63E 02 1.1T8E 07 0.158 S.000 2.+ 2BBE 23 Ls97TE 0B L4ES~1.E6 0,0 Qa0
50.,00+100,0 L«157E 02 9.598E 06 O0.134 6,000 1.235E 03 1.58B56E 08 LeES=1E7 0.0 ¢.0
100 ,0=0IVER L«969E 02 L+TOI1E 07 0. 228 T.000 l.489E 03 1.2B86F 08 1 +E7-NYER 0.0 0.0
8.000 1.220E 03 L.054E 08
TOTAL 8.5648E 04 T«472E 09 100,000 9.000 1.108E 03 F.5TLE 07 TOTAL 24,000 1L+S77E Q@
10,00 L.COBE 03 8.709E 07 ;
11.00 Q.190E 02 T+940E O7
12,00 ReIG3E Q2 T«252E 07
13,00 7«6TIFE 02 64+635E 07
14.00 T«236E 02 6,073 D7
15.00 6.457E 02 S+579E 47
16.00 S5.934€ 02 3.127E OF
19,09 5.691E 02 4.,F17E Q7
20.00 S«a463E 02 4.T20E O7
25.00 4.7%4F D2 A,2TIE O7
30.00 4.,4RGE 02 J.879E 07
35.00 4.0RBE 02 3.532E 07
40.00 3. TIE D2 3.22aE Q7
45.00 3.412E 02 2.943E 07
50,00 3. 126E 02 2.TOLE OV
55. 00 2.5981E 02 2.575€E 07
60.00 2+.°44E 02 2+437E O7
80.00 2« 364E 02 2.042E OT

10Q0.0 1. 369E 02 1.70LE 07



Tagle €
**#t#‘#*it‘.t#tttt‘lti##tttt*tt#ttt#*#tttt#ti.*t!ttt*tt#i!t*tt*‘i*mt###**tt*t**‘#llt#l#.‘ttt#t#tk*tt#*ktﬂtﬂ***lﬁ#*tkt*ttti#*it#t*-!
*% DRBITAL FLUX STURY WITH COMPOSITE PARTICLE ENVIRDNMEMTS: VETTES APSs AP6s AP73 AE&y AES, FOR SOLAFP MAKIMUM #E0% UNIFLX OF 1973
% ELECTRON FLUXES EXPONENT IALLY OECAYED TO 1973, 6 WITH LIFETIMES! €.G.STASSINOPOULOSEP.VERZ ARIV *% CUTOFF TIMES! :
k. MAGNETIC CODRODINATES E AND L COMPUTED BY IMVARA OF 1$72 WITH ALLMAG. MODEL 5: IGRF 1965.0 BO=-TERM 10/68 * TIME= 1GT73.0
*% VEMICLE ¢ 2 NAL SOLRAD #%x [NCLINATION® 6SDEG %% FERIGEE= 1111Kk¥ ** APDGEE= 1111KM *% B/L ORBIT TAPE: TD7963 *% PERICDx 1,790

-*tttt‘ltttttt*i‘tttttit#t.ttt*t*!tl*tl!t*t‘l.t‘t'*tt*“*'ttt*ttttlttt#t*t*#tt**#****t#t*itt!t#tlttttitt*nt*tt#t#titt!tti*ttt*****‘
SEEREERBFNEENERE ELECTFRONS kR RrR ks kE
PTELIL S LRl P22 A2t d 2 i Ea bl bR R it ad sy dtd )

ek k* SPECTRUM IM PERCENT DELTA ENERGY *8kak%e *xe COMPOSITE QRBIT SPECTRUM Kkx * EXPOSURE TMNDEXIENERGY>.S000MEY
ENEAGY AVERAGED AVYERAGED SPECTRUM ENERGY AVERAGED AVERAGED INTENSTITY EXPOSURE TCTAL ¥ OF
- RANGES TOTAL FLUX TOTAL FLUX LEVELS ITNTEG.FLUX INTEG.FLUX RANGES DURATYION ACCLMULATF
(MEV} H/CMERD/SEC  F/CMEX2/70AY  PER CENT >(MEV} FFTMERZ/SEC  N/CMURZ/SDAY #/CMER2/5EC ( HOURS) PARTICLES
+1000=.5000 1.45&E 06 L+25€E 11 89.592 «1000 Lo625E 06 L:404F 11 ZERN FLUX 8.650 Cald
«5000=1,000 1.398E 05 1.20FE 10 B. 609 » 1250 1.35BE 06 L+174E L1 1.E0=1.E1 Q.5600 1.086E @
1.000=1+500 1+649E 04 1+425E 09 1.015 « 2500 S5¢343E 0S5 S5.135E 1O 14E1~1,E2 0.600 2,504 @
1,.,500=-2.000 6.525€ 03 «63BE 0B Qead2 «3780 3.387E 0S5 2.927E 10 1+E2—1.E3 L«950 2,620 Q
2+000~2,500 31.629E 03 A.135E Oe 04223 «5000 1.4691E 05 L:461E 10 1.E3=1.E4 24250 J.207E 0
2.500=-3.000 L.674E 03 1.447E 0B 0.103 «56250 9. 685E D4 8,+368E 09 1.Ea=1.ES 3.100 S.496€ (
3,000-4.000 9+ 473E 02 B.184E 07 Q.058 « 7500 S«713E 02 3.936E G LeES~1.E6 $.100 S.B29E €
4.000-5,000 1,932 01 1.6T0E 06 0.001 1000 2e929E 04 2.,930E 09 1«E6-1E7 0.750 B.197E C
S.000=-0VER 0.0 0.0 0«0 L.250 1.946E 04 L.682E 09 1.ET-0OVER D0 0.0
I+500 1.280E 0% 1.105€ 09
TOTAL 1.625E 06 1.404E 11 100,000 1.750 G, 157E 03 7.911E 08 TOTAL 24.000 t+461F
2.000 6<2TOE 03 S5.417E 08
24,500 2.6415 03 2.282€ 08
3.000 F.666E 02 8.351E 07
J.125 &+, 229E 02 5«382E 07
3.250 4.058E 02 3.506E 07
3.375 2«590E 02 2.324E 07
3.+500 L.210E 02 1.564E 07
3.625 L.036€ 02 B.950E 06
3. TS50 S«931E ©O1 S.124E 06
3.875 3.392€ 01 2.93LE 06
4,000 1.932E 01 1.6TOE 06
4,125 9,439 00 89.+.155E 05
4,250 1,833E Q0 J.311E 05
4375 L.a47T2E Q0 1:272E 05
4,500 4,.332E-01 J.T43E 04
4,625 1.530E~01 L«322E 04
4,750 3. 353E-02 2.897E 03
4,875 0.0 0.0

5.000 0.0 Ca0



Table 9
————
PR e A T L T A P R I P I T R I R T PR Y NI S P PR P a2 R T T2t 2 i Rt LAt el bbbl il Ll
ex NRBITAL FLUX STUDY WITH COMPOSITE PARTICLE ENVIRONMENTS?! VETTES APS, APGs AP?; AE4, AES, FOR SOLAF MAXIMUM #*%%% UNIFLX OF 1973 %2
«% ELECTENON FLUXES EXPONENT IALLY DECAYED TO 1973 6 WITH LIFETIMES! E.GeSTASSINOPOULOSER.VERZARIUVU ** CUTOFF TIMES!: *¥
*k MAGNETIC COORDINATES £ AMD L COMPUTED BY INVARA DF 1972 WITH ALLMAG, MDDEL 5@ fGRF 1965,0 BO-TERM 1068 ® TIME= [9730 3
«x YEHICLE % 1 NRL TIMATN #% INCLINATION= SSDEG %% PERLGEE=L3BQ0KM %% APOGEE= 13890KM *& B/L OR3IT TAPE: TD7963 #% PERIOD= 7.9T70 *%
Bkl R AR KRR AR MR TR AR R KRR PR RN R Rk Rk R RN PR AR NN AR KRR KR R AR R AR kRN b e n kR Ak A AR R R R R RN Rk
ETET TR 2R 20 PROTONS EARR KRR ERkEESE
ET T LR E PRI RTINS R At Rt LR s s E L ad st

arkegk% SPECTRUM IN PERCENT DELTA ENERGY #hkdkxd k&kk COMPOSITE OPBIT SPECTRUM Kk & EXPOSURE INDEXIEMERGY>S.C0OMEV %
FNERGY AVERAGED AVERAGED SPECTRUM ENERGY AVYERAGED AVERAGED INTENSTITY E XPOSURE TOTAL # OF
RANGES TOTAL FLUX TOTAL FLUX LEVELS INTEG.FLUX INTEG.FLUKX PANGES DURATION ACCUMULATED
(MEY) #/CMEE2/SEC  #/CMEx2/DAY PER CENT >{MEV) HICNERZ/SEC  F/CMER2/0AY #/CHMERD/SEC  (HOURS) PARTICLES
« 1 300-1,000 &.,620F 07 S.T20E 12 S1.582 « 1000 7.229E 07 "6.246E 12 ZERD FLUX 15.550 Cel
1.000-3.000 6.054E 06 S.231FE 1t 8,375 «5000 2.333E 07 2.020E 12 1+EQ0=1.E1L 02100 J3.367TE 03
3,000=5.000 3.017TE Oa 2.60¢E 09 0,042 L.000 6.085E 06 5.250E LI 1+El=1.E2 1+650 <+246E 05
S.000-10,00 B,800F 02 7«830E 07 Ca001 2.000 4,293 05 3.T14E 10 1+E2~1+E3 1.850 3.000E 06
10.00=20.,00 4:335E 01 2.T47E 06 0. 000 3.000 3.107E 04 2.585E 09 L+E3=1.E4 . 4+850 T+490E 07
20.,00=-30.00 S.4%9LF~01 B8.200E O» 0.000 4.000 2.281E 03 1.97LE 08 1.EA-1.ES 0.0 0.0
33.00-50.00 Qa0 0.0 0.0 Z.000 9,043 02 7.313E 07 1.E5=-1.EB 0.0 0.0
50.00-100.0 0.0 0.0 0.0 &.000 4,266E 02 J.686E 07 1+E6=1ET C.0 0.0
100 . 0=-0VER 0.0 0.0 0.0 T000 2.013E ¢2 1.73%E 07 LE7=-0VER 0.0 .0
8.000 9.498E 01 A+ 206E ©C6&
TOTAL T«229E 07 Go246E 12 100,000 9,000 6.486E 01 5.604E Q6 TOTAL 24.000 T+BI3E 07
10.00 4,431E 01 3.829E€ 06
11.00 3.028E 01 24,616E 06
12.00 2.071E 01 1+789E Q&
13.00 1.416E 01 L. 224E 06
14,00 9. 685E Q0 8.368BE 0%
15,00 6.524E 0O S.7T23E 05
16.00 4,%30E 00 3.914E 0S5
18.00 2.088E 00 1+804E OS5
20.00 9.491E=01 8.200E 04
285,00 8. 199E=02 T.084E 03
30.00 [ ] 0.0
35.00 0.0 0.0
40,00 0.0 0.0
45,00 Qa0 D0
50.00 0.0 0.0
5500 Q. 0 0.0
60.00 0.0 0.0
80.00 0,0 OO0

100.0 0.0 0.0
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*& DRBITAL FLUX STUDY WITH COMPOSITE PARTICLE ENVIRONMENTS: VETTES APS, APGs APT; AESy AES, FCR SOLAP MAXTIMUM 2+k& UNTFLX OF 1973 *%
¥% ELECTRON FLUXES EXPONENTIALLY DECAYED TO 1973, 6 WITH LIFETIVMES: EaGe STASSINOPOULDSEP.VERZARIU #& CUTOFF TIMES: L1
*k& MAGNETIC CODRDINATES B AMD L COMPUTED BY INVARA OF 1972 WITH ALLMAG, MNMODEL S IGRF 196%2.0 BD~TEFM 10768 * TIME= 1573.0 %%
** YEHICLE : 1 NRL TIMATN ®x INCLINATION= SSDEG %% PERIGEE=13B890KM *% APDGEE= 13890KM %% B/L ORBIT TAPE? TDTO63 &% PERIDD= Ta970 *x%x
*‘.‘*“t.t-‘.‘**ﬂt'*t#'*‘.‘"‘.**‘.“‘.*.‘.***‘*‘*.*t“..."t‘t'**‘*t.‘.*‘*t‘*‘****"‘t*t‘t*t*".ﬂ**’.*****tt‘.**t*iii**#*ﬁ*****t*t*

LY T T ELECTEING BEE R A A R K
skt sk oo feok o o o o K kA o ok o ok ik ok ok koK (222 211 F 333

*EEREX SPECTRUM IN PERCENT DELTA ENERGY sddsik *E¥ COMPOSITE DRBIT SPECTRUM k&% * EXPOSURE IMDEXIENERGYD>+SQO00MEV *
ENERGY AVERAGED AVERAGED SPECTRUM ENERGY AVERAGED AVERAGED INMTENSTITY EXPOSURE TOTAL # OF
RANGES TOTAL FLUX TOTAL FLUX LEVELS TNTEG.FLUX INTEG.FLUX RAMGES DURATYON ACCUMULATED
(MEV) H/CMERZ/SEC  #/CMEH2/7DAY  FPER CENT >MEVY H/CMERZ/SEC  F/CMERZ/ DAY R/CMEXD/SEC  { HOURS) PARTICLES

+1000=-,5000 9.3TOE 06 B.614E 11 7. 548 «1000 -  1.253E O7 1.0B3E 12 ZERPD FLUX 24250 Ca.0

«5Q00-1.000 1,643 06 1.419E 11 13,107 s1250 1.106E 07 F+558€E 11 LeEN=LJEL 0,050 1.657E 03

1.000=~1.500 S«147E QS 4.447E 10 4,107 » 2500 S«8T2E 06 S« 160E 11 LeE1-1,E2 0.280 S.152E 04

1.500-2,000 2.228E 05 1.92SE 10 L 777 + 3750 3.732E 06 3.224E 11 1+E2=1.,E3 0.300 S«691E 0%

2.000-2.500 1.032 0S5 8,919 09 Ce.B24 «5000 2.563€ 05 2.215E 11 1.E3=~1.E8 1000 1.S82E 07

2,500~3,000 4«.901E 0Oa 4. 238 09 0« 391 « 6250 1.,981E o6 1.T12€ 11 T.EA4=~1,.ES Q.85%0 1.219€E o8

3.,000-4,000 2+993E 04 2+586E 09 0.239 « 7500 1.533€ 05 1.325E 11 1 .E5=~1.EH 2.000 J.878BE 09

%.000=-5,000 9.052¢ 02 T.821E 07 0. 007 1L.000 9.205E 0% T2954€ 10 L+Ef6i=1.E7 L7100 2+175E It

5.000=-0VER 1.091E=-01 9.428E 03 0.000 1.250 6. 093E 0S S.264E 10 L.E7-OVER 0.0 Q40

1.500 34.858E DS 3.507E 10
TOTAL L+253E 07 1.0023€ 12 100,000 1,750 2.719E 0% 2s349E Lo TOTAL 24.000 2.215E t1
2.000 1.831E 05 1.582E 10
24500 7.985E 04 = 6.899F€ 09
3,000 J.0R3E 04 2+664E 0%
J.1 25 2,221E 04 1.91%E 09
3.250 L. 600E 09 1383 (9
3.375 lL«.15S3E 04 F+965E 08
2.500 8,313& 03 T«l82E D8
3,625 4.772E 03 4.123E 0B
3,750 2:T41lE 03 2. 368E 08
3.875 1.575E 03 1.361F 0B
4.000 9.053E 02 T.B822E Q7
4,125 4,14SE 02 J.881E 0T
4.250 1. 735E 02 1,499E 07
4,375 G6«305%E 01 S.448BE 06
4.3500 2.963E 01 1.7H2E 06
4,625 B.219E 0Q T.101E 05
4 +750 2+525E 00 2,1B1E 0S
4,875 S.522E-01 4+TTIE O&

$S.000 1.091F=-01 J.428E 03
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ERAAT AR TP LS RIS TR NIRRT PR LR TR T At TR RE IR IR ad iR e ittty il dAdl b bd i lblad bl Lottt itdl]
£% JRAITAL FLUX STUDY WITH COMPCSITE PARTICLE ENVIROMMENTSE: VETTES APS, APG6, AP7I AE4s AESs FOR SOLAR MAXIMUM ®ka& UNIFLX OF 1973 *%
k% ELECTRON FLUXES EXPONENT IALLY CECAYED TO 1973. 6 WITH LIFETIMES! EeGsSTASSINOPOULODSER.VERZAAIU *% CUTOFF TIMES!: *h
*% MAGKETIC COORDINATES 8 ANC L COMPUTED 8Y INVARA OF 972 WITH ALLMAG, MODEL 5@ IGRF 19&5,0 BO-TERM 10/68 ®* TIMET 19T73.0 %%
®% VYEHICLE ! 2 NRL SOLRAD %% INCLINATION= 65DEG *% PERIGEE= 11 L1KM ** APOGEE= 1111KM **% B/L OR3IIT TAPE: TDTI63 *% PERIOD= 1.790 *»
kR AR R RRRE AR KRR EN R KRR AR R R KR ST Rk R Ak Rk kAR MR RN R R R KRR R EREERE R R R R Rk kkhh kg hkkhkkh Rk ek kg e R E Rk

Ak ok dkkdkk kkkkk kR R® PROTONS ke Ak kR Rk Rk

*# TABLE OF SFEaK AND TDTAL FLUXES PER PERICD : ENERGY >S.000MEV &=

B L Ty e P P e R i PRSP IS DL E 27 1]

PERIAD PEAK FLUX POSITION AY wHYCH ENCOUNTERED ORBIT TIME FIELD(B) LINE(L) TOTAL FLUX
NUMBER ENCOUNTERED LONGITUDE LATITUDE ALTITUDE PER NRABIY
H/CMERZ/SEC (DEG) {DEG) {xMd) (HOURSY) (GAUSS) {EsPas) #/CMERZ/70RBTT

1 34619 02 -96.226 Ge11 t111.61 0.05000 0.22517 Le32 2.855E 0S

2 4.245E 03 S2.621 —-29.86 11L0B8.36 2.85000 0.23685 L.+93 2.029E 06

3 L+S70E 04 26+ 550 ~31.66 1L0B .89 4.65000 0.20381 1496 A,3T9E 06

4 2.810E 0a 0.528 ~33.45 1L99.51 6.45000 0.1875% 1.87 1.902E 07

5 4.36LE 04 —-3a.,698 =17.51 11 05.09 B.15000 Q.15829 . 1a30 3.163E 07

L] J3+658E 04 =56.633 =2 0.29 1107.99 t0.00000 0.16088 1.34 2.STSE Q7

T L.018E 04 - 5%«399 =86+94 IL14.,77 11 .90000 0.20815 1.70 1.D22€ OF

a 1.580E 0a 304,215 ~30.25 1115.02 14,15000 0.,20570 1«91 T.842E 05

9 2.431E 04 44108 —2B8.44 114,53 1595000 0.18718 1.74 1.611E Q7

10 3.408E 04 ~22.035% «~26+63 1114.10 17.7T4998 0+16808 .49 J.099E 07

i1 4.Z16E 04 -48.213 ~24 .80 1113.72 19.54999 O0ul5669 1.32 3.110E 07

12 L.590E 04 —T4.424 =-22.97 1113.42 21434999 CelTHA 1.26 1.202€ 07

13 3.399E €3 ~96.T81 =12.12 1111.86 2320000 C.18368 1.19 2+312€ 06



Talle A2
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AN KR ENEERE RN R SRR SRR R R e R ok R RN RS A e ok o koo e oo o o ok oo o o e o o o R R o ook st sl ok ok e o R ol o ok ok ok
A% OREITAL FLUX STUDY WITH COMPCSITE PARTICLE ENVIROMMENTS:! VETTES APS, APG. APT; AE4s AESs FOR SOLAR MAXTMUM #kéd UNTFLX OF 1973 *¥
% ELECTRAON FLUXES EXPONENT IALLY DECAYED TO 1973, & WITH LIFETIVMES! E.G.STASSINOPDULDSEP.VERZ/RIU *% CUTQOFF TIMES? *k
. MAGNETI1C COORDINATES E ANGC L COMPUTED BY [NVARA OF |672 WITH ALLMAG, MODEL St IGRF 1962.0 BO-TERM 10768 ® TIME= LGT3«0 *%
*k VEHICLE ¢ 2 NRL SDLRAD #% [NCLINATION= G6SOEG #*% PERIGEE= 1111KM 4% APOGEE= 1111KM *%* B/L ORSIT TAPE! YTOT7963 mu SEPIQD= L7930 **
i*#t#!ltttt#t#ﬂ#t..#t#‘*#*#'it.#iﬁtl####"tﬁ#t‘k**ttt*tt#tt!*t*tttt*tt#**ttittt**i#*tttt*t‘ttt1*‘ittttt#***-*t“.ﬁﬂﬁ**.'*itit*‘ttﬂ*i

SRS EERREREFSE AR RN RRR R K ELECTRONS REEREEERXRKEESENFEEK Sk Rk

*% TABLE OF PEAK AND TOTAL FLUXES °ER PERIOD ! EMERGY >.S000MEV %2

el e e o e e AR B ok Rl ke e e o e e ke o e g ok e e e R

PERIOD PEAK FLUX POSITION AT WwHICH ENCOUNTERED OrRBIT TIME FIELDI(B} LIMELIL) TOTAL FLUX
NUMBER ENCOUNTERED LONGITUDE LATITUDE ALTITUDE PER ORBIT
BSCMER 2/ SEC (DEG) (OEG) (KM {HOURS ) {GAUSS) {EePs) #/CMRRDOPALT

t 2.59%E 05 90.72S -45.09 1114 .02 115000 Q+350583 4.01 2.109E 08

2 2+289E 0S BE5. 271 -46.73 1114.54 2495000 0225356 3«65 2.213E 08

3 1+ 149E 06 1T.922 ~13.79 11 04,27 4455000 0.19356 139 S5.08BBE 08

4 3.249€ 0& -8 ,396 =15+65 1104 +63 £+35000 0.17521 1,38 1.131E 09

5 4.TBAE 08 =-30.487 ~26e8T 1107 +37 8.20000 O.16318 Le43 24355 09

-] S.023E 06 -856.633 -28.29 1107 .99 13.00000 0. 15088 t.34 2. 150 09

T 9.209E 0S5 -BZ2.781 =30.10 1108,862 11L.80000 0.18459 1+33 9. 127E 08

a 2+.536€ 0S5 164,751 64.55 1122.03 L3.00300 0.34613 4219 3.922E 04

9 9.232E 05 8.460 -19.53 1112.71 L6.00000 0.188409 1.51 4.96LlE 08

10 4,684 06 -1T.B22 =17 &9 112,38 1779999 Vel6784% 138 1818 09

i1 5.53EE 06 —48.213 ~24.,80 1113.72 12,54999 D.15669 1.32 2+843F 09

12 1.652E 06 =T72.078 ~31 .81 1115,38 21.29999 0. 182561 135 1.094E 09

3 3.041E 0% -53.320 4.22 1111.12 21 +849998 020211 1+ 35 F.215E 0A
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e e T L g g P PPN NP NP
*+ ORBITAL FLUX STUDY W1TH COMPOSITE PARTICLE ENVIRONMENTS: VETTES ADS, APS, APT: AEa, AES, FOR SOLAP MAXIMUM &dki UNIFLX OF 1573 %%
#« FLECTRON FLUXES EXPONENTIALLY DECAYED TO 1973, 6 WITH LIFETIMES: E.G.STASSINOPOULOSGEP.YERZ ARIU #% CUTOFF TIMES: *%
*& MAGMETIC COORDINATES B AND L COMPUTED BY INVARA OF 1972 WITH ALLMAG, MODEL 5! IGRF 1965.0 BO-TERM 10/68 * TIME= 197340 %
%% VEHICLE : | NRL TIMATM #% INCLINATIDN= SSDEG ** PERIGEEZ138J0KM %% APDGEE= 13890KM %% B/L ORBIT TAPE:! FDT963 #% DEAIODT  7.570 *%
D T T T Lt L L L T L L L T N AP PP e

ERARREEE R Rk Rk PROTONS L Ty Ty P T T P

#% TABLE OF PEAK AND TOTAL FLUXES PER PERIOD : ENERGY >5.,000MEV =X

RERER R SRR AR AR AR Rk R AR AR R R RE RSN RERREERR RS K SR &

FERLIOD PEAK FLUX POSITION AT WHICH ENCOUNTERED ORBIT TIME FIELDL{B} L INE(L) TOTAL FLUX
NUMBER ENCOUNTERED LONGITUDE LATITUDE ALTITUDE PER ORBIT
"/CMEN 2/ SEC (DEG) (DEG) (%MD {HOURS } (GAUSS ) {E«F4) 8/CNRR2/0RBLT
1 T+9B1E 03 ~-158.351 186 13890.03 0. 05000 0.009%91 3.16 1.663€E 0T
2 B.T47E 03 Ba.L76 10.18 1389061 8.25000 0.01005 .14 3.TOAE O7
3 B+SOD7E. 03 78.509 8.82 13386.75 19,70000 0=0099% 315 2.306E 07



Talle 4t

FEEERERRGERE kg b kRl dod e g ek vk ool e ool o o ok ol o ook ool ok sk ok vl ol A A O e oo R o o e e o e s kol o e e e ek
- %k ORBITAL FLUX STUDY WITH COMPOSITE PARTICLE ENMVIRONMENTS: VETTES APS. APA&, APT: AE4, AES, FUR SOLAR MAXIMUM *%a% UNIFLX OF 1973 &+
*9% ELECTRON FLUXES EXPONENTIALLY DECAYED TO 1973. & WITH LIFETIMES? E.G+STASSINOPOULOSEP.VERZARIU %% CUTOFF TIMES: LA
*& MAGNETIC COORDINATES B AND L COMPUTED BY INVARA OF 1972 WITH ALLMAG, MODEL 53 IGRF 19EE5,0 80~-TERM 10/568 * TIME= 1973.0 %%
®* YEHICLE ! L NRL TIMATN & INCLINATION= SSDEG *# PERIGEE=13090KM %% APOGEE= 13890KM %% B/l ORBIT TAPEI TDTO63 %% CERIOD= 7,970 =¥
RREEEAEERARERERT LSRR ERER SRR ERARRE AR AR RN ERERRR R R Rt Rk E Rk AR R Rk E AR AR AR R E R RS R AR kR kb hhdokh ke bk kAR kAR AR NN RE Rtk

bl RS 22t R Yy L2 . ELECTRONS ol kel ok ok ko ok ko

*x TABLE QF PEAK AND TOTAL FLUXES PERP PERIOD ! ENERGY ».S000MEY %%

ARERRE RNk AR TN AR ETR AR AR Rk Rk kb ek kAR E S IR R R

PEREDD PEAK FLUX POSITION AT wHICH ENMCOUMTERED ORBIT TIME FIELD(B) LINE{L) TOTAL FLUX
NUMB ER ENCOUNTERED LONGITUDE LATITUDE ALTYITUDE PERP NRAIY
F/CMER2/SEC {DEG) (DEG) {RM) {HOURS } {GAUSS) [ 1 SSCHRR2/ARBIT
1 5+,931E 0& -24.844 ~=34.41 13893.28 4495000 D.01106 4,06 6.520E 10
2 S.A33E 06 =564 349 =38.76 13897 .33 14.85000 0.01127 4406 9s145E 10
3 5.8407E 06 ~32.985 18,39 13891 .86 16.,45000 Ce01149 4.02 6.422E LO



2 NRL SOLRAD

CIRCUL AR

INCLIKATIONI 65 DEG

PERIGEE: 1111 KM

AFPOGEE?

1L K™

DECAY DATE! 1973. 6.

kkxk EXPOSURE AMALYSIS ¥ekw

PERCENT OF TOTAL LIFE-

TIME SPENT IN FLUX-FREE

PEGIONS® OF SPACE ¢

PERPCENT OF TOTAL LIFE~

TIME SPENT IN HIGH-—

INTENSITY REGIONS+ OF

¥YAN ALLEN BELTS :

PERCENT 0OF TOTAL DAILY

FLUX ACCUMIILATED IN

HIGH=INTENSITY QREGIDONS?:

PROTDNS

{E>S-000MEY)

SG.6T X

18,33 X

F8.04 X

TABLE _

ELECTROMS

(E>sSQOOME V)

36.04 X%

28.54 X

Q6. 00 %

ok Rk Rk kR R KRR R R EERENEE R Rk B Rk KRRk

* <1 PARTICLEACMEkP/SED

+ >LaES EL/CM*¥2/SEC LR 1.E3 PR/ACME%2/5EC

2 NRL SOLRAD

CERCUL AR

Togle LS

TABLE _

INCL INATION: 65 OFG

PERIGEE: 1111 KM

APDGEE?:

1111 KM

DECAY DATE: 1973. 6.

INNER ZONE ~T[=-% 3

{140 € L € 2.8)

OUTER ZOME ~T0O=- T

2.8 < L <€ 11.01

EXTERNAL -TE~-
L > 11.0)
TaOTAL H

OUTSIDE TRAPPING REGION

(1.0 £ L € 141)

INSIDE YRAPPING REGIDON

(1s1 € L < 2.8)

* PERCENT OF TOTAL LIFETTME SPEMNT [NSIDE AND #

* QUTSIDE THE TRAPPED=PARTICLE RADIATION BELT *

65.62 X

3le46 X%

2+92 %

100.00 %

STIME IN INNER ZONE MAY BE SUBDIVIDED AS FOLLOWSS

0.42 X

65,21 %X



L NRL TIMATN

CIRCUL AR

INCL TNAT [ON: S5 DEG

PERIGEE! 13R90 KM

APOGEE 2

13830 KM

DECAY DATE: 19T73. 6.

ERRk EXPOSURE ANALYSIS Skkx

PERCENT 0OF TOTAL LIFE-
TIME SPENT IMN FLUX-FREE

REGIONS® 0OF SPACE @

PERCENT OF TOTAL LIFE-
TIME SPENT IN HIGH-
INTENSITY REGIONS+ OF

VAN ALLEN BELTS @

PERCENT 0OF TOTAL DAILY
FLUX ACCUMULATED INM

HIGH=INTENSITY REGIONS?

PROTONS

(E>S5.000MEV)

64,79 X

20.21 X

95.687T X

TABLE _

ELECTRONS

(E>. SODOME V)

9.38 %

79,58 %

99.94 X%

RRERAEERREEEEERRARE SRR R R SRR KRR AR RRA R AR SRR R RRE R E R

* LI PARTICLE/CMERZ2/SEC

+ P1ES ELSACMER2/5EC OR L.E3 PR /7CMEXZSSEC

1L NRL TIMATNM

CIRCUL AR

INCL INATIONS 55 DEG

PERICGEE? 138950 KM

APDGEE: 13890

KM

DECAY DATE: 1973. 6.

INNER ZONE -TI~# :

(10 € L < 2.8)

OQUTER ZONE -T0O=-

(2.8 < L € 11.0)

EXTERNAL -TE= b

(L > 11.0)

TOTAL b

OUTSIDE TRAFPING PEGIDN

(10 € L < 1l

INSIDE TRAPPING REGION

{1.1 € L € 2.8)

:

98.54

1a%6

100,00

*TIME IN INNER ZONE MAY BE SUBDIVIDED

* PERCENT OF TOTAL LIFETIME SPENY INSIDE AND %

* OUTSIDE THE TRAPFED-PARTICLE RADIATION BELT »
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TABLE ARRANGEMENT

Computer Produced Output Tables for Orbital Flux Integrationms.

Standard Production Runs with UNIFLUX Program.

#4

#3

Solar Protons

#7| Expos. h Time
Index “ Account

Flux § Exposure

#GlTable of Peaks

#5 [ spec.Dist.§ Exp.l,

L-Band Table

#3] Table of Peaks

#2 | Spec.Dist.§ Exp.I.

C
b ;ziction 2: Electrons

Table #1 L-Band Table

C

b}/ Section 1: Protons

Figure 1: Set of tables produced for every trajectory considered
in an orbital radiation study.



PLOT ARRANGEMENT

Computer Produced Plots for Orbital Flux Integrations.

Standard Production Runs with UNIFLUX Program,

#8 | B-L Space Trace

#7|World Map Grid
Projecticon

#6]
El Section 3: Flight Path
4 Data
c
#3r__Peaks/0rbits ; b ;7éection 2: Electrons
#2| Spectral Profile a

Plot #1| Time & Flux Histgg

c
bl/Section 1: Protons

Figure 2: Set of plots produced for every trajectory considered
in an orbital radiation study.
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